Objectives: Motor vehicle crashes are the leading cause of hospitalized trauma during pregnancy. Maternal injury puts the fetus at great risk, yet little is known about the incidence, risks, and characteristics of pregnant women in crashes. Setting and methods: Police reported crashes were analyzed from the National Automotive Sampling System Crashworthiness Data System. Since 1995, this system recorded pregnancy/trimester status. Pregnant and non-pregnant women 15-39 years of age were compared by age, driver status, seat belt use, and treatment. Belt use and seating position were examined by trimester. Results: There were 427 pregnant occupants identified (weighted n=32 810, 2.6%, SE 12 585, rate 13/1000 person years). The mean age was 24.9 compared with 24.8 years (pregnant v non-pregnant). Cases were distributed by trimester as follows: first 29.8%, second 36.4%, and third 33.8%. Pregnant women were drivers 70% of the time compared with 71% for non-pregnant women. No belt use was 14% compared with 13% (pregnant v non-pregnant). Mean injury severity was lower for pregnant women but they were more likely to transported or hospitalized. Improper belt use decreased after the first trimester and there was little change in driver proportion by trimester. Third trimester hospitalization rates increased. Conclusions: Pregnant occupants in crashes have similar profiles of restraint use, driver status, and seat position but different treatment indicators compared to non-pregnant occupants. Trimester status has relatively little impact on crash risk, seating position or restraint use. Undercounting of pregnant cases was possible, even so, 1% of all births were reported to be involved in utero in crashes. Little research has focused on developmental outcomes to infants and children previously involved in exposure to these crashes.
M
otor vehicle crashes are the leading cause of traumatic fetal injury mortality, 1 and the leading cause of death 2 3 and serious trauma 4 during pregnancy. Maternal injury may put the fetus at great risk, yet little is known from population based studies about the characteristics and risks of pregnant women involved in motor vehicle crashes. Such information is necessary to begin to understand the magnitude of fetal motor vehicle trauma exposure, which women are at highest risk, what role occupant behaviors play, and to put the problem into the proper perspective with other crash, environmental exposure, and reproductive and child health issues.
PARTICIPANTS AND METHODS
Data were analyzed from the 1995-99 National Automotive Sampling System Crashworthiness Data System (NASS/CDS). NASS/CDS crashes are a probability sample of police reported US traffic way crashes that involve property damage and/or personal injury. 5 Weighted estimates are representative of the US population. Since 1995, this system has recorded pregnancy and trimester status derived from interviews and medical record reviews. Pregnant and non-pregnant women 15-39 years of age were compared by age, driver status, seat belt use, and treatment level. Driver status, restraint use, and crash risk were examined by trimester. After removing one pregnancy associated case and 13 non-pregnancy associated records with large weights (those with weights >20 000), there were 427 unweighted pregnancy related and 11 972 non-pregnancy cases identified from which annualized weighted estimates were derived. Standard errors were computed for point estimates derived from the entire sample using SUDAAN software (Research Triangle Institute, North Carolina).
Incidence rates were calculated per 1000 person years. For the pregnant population, the persons at risk (denominators) were derived from age specific US birth data and adjusted downward to account for the nine month period of gestation and the assumption that most pregnancies would not be detectable in the first month of pregnancy. For example, if there were 100 000 live births per year, multiplying 100 000 by 8/12 represents the actual person years of exposure-that is, the person years among which women could realistically have had their pregnancies identified. Lowering the denominator has the net effect of adjusting the estimated rates for pregnant women upwards. For the non-pregnant rates, person years and annual population rates are equivalent.
RESULTS
There were an estimated (weighted) 32 810 (SE 12 585) pregnant occupants annually involved in crashes or 2.6% of all women in crashes from the ages of 15-39. This translates to a crash rate among pregnant women of 13/1000 person years (1.3%). For comparison, there were 1 251 269 (SE 127 522) women ages 15-39 not reported pregnant (rate 26/1000 person years) and 23 188 (SE 3700) infants (rate 6.1/1000 person years) reported in crashes. The mean age for pregnant women was 24.9 versus 24.8 for non-pregnant women. Among pregnant women, the highest crash rate per 1000 live births was in the youngest age group. In peak childbearing years (ages 20-29), at least 3% of all women involved in a police reported crash were pregnant.
Pregnant women were more likely than non-pregnant women to be transported to the emergency department and released or hospitalized. Airbag deployment did not differ much between pregnant and non-pregnant cases; airbags were deployed among 15% of the pregnant cases and 13% of the non-pregnant cases. Other selected comparisons between the pregnant and not reported as pregnant cases are detailed in tables 1 and 2.
Most pregnant cases had the trimester reported (87.8%; n=28 281, SE 12 758). Omitting the pregnancy associated cases without trimester mention (n=4529; 13.8%, SE 1798), they were distributed as follows: first trimester 24.6% (n=6968, SE 9721), second 39.1% (n=11 060, SE 2722), and third 33.8% (n=10 254, SE 2983). Third trimester cases (n=2431, SE 998) were more likely to be hospitalized than earlier trimester cases (67.2% of the hospitalized cases were third trimester). The proportion of cases that were drivers (n=18 779; 66.4%, SE 11 735) were distributed as follows: first trimester 28.6% (n=5367, SE 9773), second 42.9% (n=8065, SE 1850), and third 28.5% (n=5346, SE 1362). Among pregnant women, 13.7% (n=4395, SE 1686) were reported by the police not to be using any restraint (excludes cases missing restraint use variable).
DISCUSSION
The crash risk for reported pregnant occupants in these data was about one half that of all women in the same age range. However, one should use caution before presuming from these data that pregnant women are at lower crash risk. Identifying pregnancy status from crash and medical records is not always easy for crash investigators because early pregnancy cases may not be known or reported. Further, many women are not interviewed directly, resulting in reliance on written records that may or may not exist, especially for events that often do not result in hospital visits. Also, the methods for determining pregnancy and the completeness and accuracy of pregnancy status in NASS/CDS has not, to our knowledge, been externally validated (for example, by matching cases forward in time to birth certificates). Furthermore, NASS/CDS coding rules state that when pregnancy status is unknown cases are to be assigned to the "Female not-reported pregnant" category. 6 There is evidence from a statewide injury inpatient study that the hospitalized crash injury rate of pregnancy associated cases is not lower compared to that of all women of reproductive age (even after length of stay adjustment). 4 The data also lack patient follow up with the result that little is known or tracked about non-fatal fetal crash outcomes. Motor vehicle crashes are probably a larger threat to fetuses then to infants due to increased crash involvement (as shown in this study), increased vulnerability due to dependence on placental circulation for survival, vulnerability to sensitive developmental periods of risk, and perhaps comparatively less protection from the in utero environment than infants receive from safety seats. Given the potential numbers of exposed fetuses, longitudinal research on non-fatal fetal outcomes is needed. Fetal trauma exposure has received very little attention among reproductive and environmental scientists and funding agencies. This is mainly due to: (1) major deficiencies in the way fetal trauma related deaths are coded in vital statistics; (2) the lack or poor quality of pregnancy status variables and follow up in most injury surveillance systems; (3) unfamiliarity by many reproductive health researchers with injury science and the large societal burden of injury; and (4) the difficulty of attributing adverse birth outcomes and developmental problems many months or years after trauma. However, the recent convergence of several research lines suggests reasons why this problem should receive urgent attention.
The first important research line comes from reports by the National Highway Traffic Safety Administration, and others, which have shown that between 1975 and 1990, primarily because women are driving more miles, the number of fatal crashes involving female drivers has increased dramatically by 62%. 7 This large increase in exposure may have resulted in a poorly documented trauma induced epidemic of fetal loss, fetal injury, and adverse reproductive outcomes. While there is indirect corroborating evidence from national vital statistics data of similar increases in neonatal deaths due to maternal trauma during this time span, 8 there is currently no way of confirming this because of the documentation problems mentioned above.
The second research line emerges from looking at the relationship between stress reactions and preterm labor. Although much of this work has focused on the stress of poverty, abuse and social disparities, trauma itself is a widespread but often overlooked trigger of high levels of stress. It has recently been estimated that 9% of survivors of serious crashes develop significant post-traumatic stress symptoms and that many other survivors have post-traumatic stress disorder-like reactions. 9 In fact, motor vehicle crashes may be the leading cause of post-traumatic stress disorder, providing fertile opportunities for stress/reproductive research. One thread suggests that stress either very early in pregnancy or in the 24-28th weeks of pregnancy leads to a twofold increase in the risk of autism. 10 Since autism is usually not apparent until a child is 1-3 years of age it may be difficult to trace back to the original events. Recently, a study suggested that experiencing a stressful event "during the periconceptional period" was associated with increased congenital anomalies including heart and neural tube defects and cleft lips and palates. 11 The third research line comes from cohort studies of hospitalized injured pregnant women that linked to birth records. Wolf et al reported in a 1980-88 retrospective cohort study of seat belt use and pregnancy outcome after a motor vehicle crash that unrestrained pregnant women were more likely to give birth to a low birthweight baby and more likely to give birth within 48 hours after the motor vehicle crash than pregnant women drivers who were not restrained. 12 Recently, a retrospective cohort study was reported that looked at pregnancy outcomes from hospitalized injury (all types) during pregnancy in Washington State from 1989-97. 8 It reported increased risks for placental abruption, low birth weight, prematurity, and fetal death.
The fourth line of research focuses on the risk of fetal mortality versus infant mortality from motor vehicle crashes. Drawing conclusions from a 15 state study of fetal death certificates, Weiss et al provided evidence that fetal motor vehicle injury mortality rates were much greater than that of infants. 13 The fifth research line is not as strong because the evidence of harm does not come from population based studies, but from several case series. An example is the report of Baethmann et al on the effects of maternal trauma on surviving fetuses.
14 Seven mothers had motor vehicle crashes, two had blunt abdominal trauma. Later clinical symptoms in the nine children included movement disorders and cerebral palsy among other findings. The causative role of maternal accidents was extremely likely in one patient, and probable but "unproved" in the remaining cases. Another more cogent example is from Strigini et al. 15 In five consecutive cases of fetal intracranial hemorrhage, the similarity of histories involving minor maternal physical trauma (three motor vehicle related and two falls), together with the absence of any known factor predisposing to fetal intracranial hemorrhage, suggested that minor trauma was at least a contributing factor to the observed pathology. Other similar but smaller case series or reports have been reported 16 raising the issue of trauma as a true teratogen (defined by the US Environmental Protection Agency as "The introduction of nonhereditary birth defects in a developing fetus by exogenous factors such as physical or chemical agents acting in the womb to interfere with normal embryonic development").
Separately, each of these research lines raises interesting but somewhat circumscribed issues. Taken together, with the conservative national estimate on pregnancy related crashes from the current study, raises cause for concern. They reveal that in utero motor vehicle crash exposure occurs in tens of thousands of pregnancies every year, is directly responsible for at least hundreds of fetal deaths annually, that the problem has probably increased substantially over the last two and one half decades, and that we are only just now beginning to understand the types and potential for serious non-fatal reproductive and developmental outcomes later in life that may be linked to the original traumatic insult to the environment of the developing fetus.
CONCLUSION
Trauma should be viewed in the light of other major environmental threats to the fetus. Three per cent of pregnancies involve binge drinking. 17 Twelve per cent of pregnancies involve cigarette smoking. 18 Assuming that pregnant women are injured at the same rate as all women of reproductive age we estimate that about 8% of all pregnancies are exposed to a hospital treated injury (from national emergency department data of all injuries, not just motor vehicles, and age specific birth rates). Unlike many other important environmental threats, it is not well known how or to what extent trauma exposures contribute to adverse developmental outcomes.
There is need to better track pregnancy related crashes (and other pregnancy related injuries) and their outcomes in state and national surveillance systems. We need to better understand how to protect pregnant women from being in a crash and if in a crash, how to better protect them. Finally, we need to know much more about the long term developmental, physical, and cognitive consequences on the children who are impacted by this problem so very early in life.
Key points
• At least 1% of all children are involved in utero in police reported crashes.
• Pregnant occupants in crashes have similar profiles of restraint use, driver status, and seat position as nonpregnant occupants.
• Pregnant occupants in crashes are more likely to be transported for less serious injury.
• Trimester status may have only minor bearing on the risk of being in a crash, seating position or restraint use.
• Little research has focused on the developmental outcomes to children involved in these events.
